Introduction
Almost 20 years ago, the Radiation Therapy Oncology Group (RTOG) 8501 trial defined concomitant chemoradiation (CRT) as the standard of care for locally advanced esophageal cancer [1] [2] [3] . Patients treated with 50.0 Gy concurrently with two parallel and two adjuvant cycles of cisplatin and 5-fluorouracil (5-FU) reached a 26% 5-year overall survival (OS) [2] . Since then, technical and procedural treatment options have considerably evolved [4, 5] . However, the results of the original RTOG trial (arm B) have not been prospectively exceeded, and today, the optimal arrangement of CRT remains debatable.
Particular uncertainty concerns the optimal radiation (RT) dose within the concept of definitive CRT. Although the INT 0123 trial did not provide evidence of survival benefits by a boost dose to 64.8 Gy versus standard 50. 4 Gy [6] , today, most centers routinely escalate the doses to 1 50.0 Gy. Accordingly, prospective trials on definitive versus neoadjuvant CRT have shown the safety of 6 60.0 Gy during definitive CRT [7, 8] . However, a standardized dose escalation during RTOG 8501 analog CRT has not been validated so far.
If surgery is included into a multimodal approach to esophageal cancer, the variability of treatment options is even higher. Neoadjuvant CRT followed by surgery (trimodality treatment) has been randomized prospectively against definitive CRT in at least two large trials [7, 8] . Although differing in treatment schedule and design, both studies confirmed the lack of a survival benefit by surgery, particularly in patients who respond to induction CRT. The inclusion of surgery led to improved locoregional control (LRC) rates; however, perioperative morbidity hampered its translation into improved OS. Thus, as a matter of principle, a non-surgical approach to esophageal cancer is not inferior to trimodality treatment [4, 9] .
The CRT regimen applied in the two above-mentioned trials [7, 8] differed from the standard as set by arm B of the RTOG 8501 study: whereas RT was mainly performed as split-course hypofractionated treatment in the French study (2 ! 15.0 Gy) [7] , the German trial scheduled induction chemotherapy with cisplatin, etoposide and 5-FU followed by CRT in standard fractionation (40.0 Gy) concomitant to cisplatin and etoposide [8] . Likewise, several institutional reviews reported on differing CRT regimens with or without surgery [10] [11] [12] .
In light of the broad spectrum of CRT regimens used for multimodal treatment of esophageal cancer, we retrospectively analyzed our own institutional experience which was rather strictly oriented towards the concept of the RTOG 8501 trial (CRT group) and the German phase III trial on trimodality treatment versus definitive CRT (C-CRT/S group), respectively [8] .
Patients and Methods

Treatment Protocol
Between 1999 and 2009, 149 patients with primary or recurrent non-metastatic esophageal cancer underwent treatment at the Department of Radiation Oncology, University of Tübingen. The present analysis was limited to patients who received definitive CRT (CRT group, n = 78) or inductive chemotherapy followed by CRT with or without surgery (C-CRT/S group, n = 51). All patients had a biopsy-proven squamous cell carcinoma or adenocarcinoma of the cervical, thoracic or distal esophagus classified as T1-4 N0-1 M0-1a according to the 6.0 TNM criteria. A total of 129 patients met the research criteria and were systematically reviewed for the following data: patient demographics, tumor stage, histology, treatment details and performance, toxicity, treatment outcome and follow-up.
Definitive CRT was performed according to arm B of the RTOG 8501 trial [1] delivering 50.0 Gy with two concomitant and two adjuvant cycles of cisplatin (75 mg/m 2 on day 1) and 5-FU (1,000 mg/m 2 on days 1-4). However, in contrast to the 50.0-Gy end dose of the RTOG trial, the RT doses were individually escalated in most patients with respect to tumor localization and size, patient performance and treatment tolerability (median boost dose 10.0 Gy). For RT, we routinely used a computed tomographybased 3D conformal technique or intensity-modulated radiotherapy. The target volume delineation was based on the International Commission on Radiation Units and Measurements 50 definitions and followed the treatment conditions of contemporary trials on esophageal cancer [6, 8, 13] .
Trimodality treatment (C-CRT/S) was analogized to the German multicenter trial on neoadjuvant chemotherapy/CRT plus surgery versus definitive CRT, with 10 of 51 patients being randomized in the original study [8] . Treatment consisted of inductive chemotherapy with three courses of cisplatin, etoposide and 5-FU/leucovorin, followed by CRT (30.0-40.0 Gy with concomitant cisplatin on days 2 and 8, etoposide on days 3-5). After restaging, the patients were allocated individually to either surgery or boost RT (60.0-to 65.0-Gy end dose) reflecting the initial tumor localization and size (surgical accessability), the restaging results, medical fitness and the patient's preference.
Statictical Analysis
The main endpoint of this intent-to-treat analysis was to determine OS, LRC and distant control (DC) rates. The survival outcome was calculated using the Kaplan-Meier method with OS, LRC and DC being assessed from the first day of treatment until locoregional recurrence or progress, appearance of distant metastases, and death from any cause, respectively. To compare survival data, the Mantel-Cox log-rank test was used (p values ^ 0.05 were considered significant). Patient and treatment characteristics were compared using a two-sided Mann-Whitney U test for continuous variables and Fisher's exact test for categorical variables, respectively. Secondary objectives of this analysis were response and toxicity evaluation as well as identification of pretreatment and treatment-related prognostic factors. The treatment outcome was assessed according to the Response Evaluation Criteria in Solid Tumors (RECIST) by endoscopy and CT scans immediately after the end of neoadjuvant CRT (C-CRT/S group) or 3 months after definitive CRT (CRT group). Treatment-related toxicities were scored according to the Common Terminology Criteria for Adverse Events (version 3.0). To assess the prognostic impact of patient and treatment characteristics, the Cox proportional hazards model was used. Factors proven to be of significance (p ^ 0.05) were entered into the multivariate analysis. All data were analyzed using PASW 18.0 (SPSS Inc., Chicago, Ill., USA).
Results
Patient and Treatment Characteristics
Of 129 patients included in this analysis, 78 patients (60%) received CRT whereas 51 patients (40%) underwent C-CRT/S. Patient demographics are listed in table 1 . An intercohort comparison revealed no relevant differences except for a higher frequency of T4 tumors in the CRT group (19 vs. 4%; p = 0.008). Corresponding to the higher frequency of obstructive tumors in the CRT group, more patients were dependent on feeding tubes before treatment (27 vs. 10%; p = 0.024). The treatment differences between the two groups are shown in table 2 . According to the differing treatment intention, patients in the CRT group received significantly higher RT doses (median RT dose 60.0 vs. 40.0 Gy; p ! 0.001) and had greater planning target volumes (median 842 vs. 706 ml; p ! 0.001).
Treatment Performance and Tolerability
All patients scheduled for CRT received the RT dose as planned. In contrast, chemotherapy had to be modified or even aborted in about one third of patients (n = 28) due to non-specific deterioration of performance status (n = 10), hematological toxicity (n = 7) or denial of further treatment (n = 8). In the C-CRT/S group, the RT dose was limited to 36.0 Gy without chemotherapy due to progressive disease in 1 patient scheduled for 40.0 Gy. With respect to chemotherapy, at least two inductive cycles were accomplished by all patients. Grade 3/4 hematological side effects required dose reductions during the following courses in 9 patients. Five patients proceeded with RT alone instead of concomitant CRT due to progressive disease (n = 2), acute renal failure (n = 1) and hematological toxicity (n = 2). Fifty-seven patients (73%) in the CRT group and 49 patients (96%) in the C-CRT/S group received more than two thirds of the chemotherapy as planned ( table 2 ) . Among the 51 patients of the C-CRT/S group, 28 patients were scheduled for surgery. However, at the time of surgery, 9 patients were found to be irresectable or showed loss of distant tumor control; the remainder (n = 19) received a complete tumor resection (R0).
With 7 patients being lost by early death or incomplete follow-up, 122 patients were assessable for late treatmentrelated toxicity ( table 3 ) . Of 86 patients who had not received a feeding tube before or during treatment, 12 patients (14%) developed a late tube-dependent dysphagia. Repeated balloon dilatation or stenting was necessary in 33 patients (27%). Tracheoesophageal fistulae occurred in 19 patients (16%). Five fatal events (4%) were undoubtedly related to treatment: 3 patients died of postoperative complications following surgery (anastomotic leakage) and 2 patients developed a fatal tracheoesophageal fistula (CRT group). The incidence of fatal events did not statistically differ between the two treatment groups (p = 0.66).
Survival and Tumor Control
The median follow-up time for patients alive was 3 years (36.1 months, range 5.6-124.3). On intent-to-treat analysis of all patients, the median, 2-and 5-year OS probability was 17.6 months (95% confidence interval 13.0-22.0), 42 and 24%, respectively. The 2-and 5-year LRC rates were 56 and 50%, respectively, and the actuarial DC rates reached 67 and 52%, respectively.
Comparing the CRT and C-CRT/S groups, there was no significant difference in terms of OS (2-year OS 39.1 vs. 45.1%; p = 0.89) ( fig. 1 a) and DC rates (2-year DC 71.2 vs. 62.4%; p = 0.091). However, patients in the CRT group showed significantly better LRC rates (2-year LRC 70.2 vs. 40.4%; p = 0.003) ( fig. 1 b) . In the C-CRT/S group, the inclusion of surgery led to significantly improved LRC rates (2-year LRC with and without surgery 73.6 vs. 21.2%, respectively; p = 0.003); however, this was translated only into a trend towards improved OS (2-year OS 63.2 vs. 34.4%; p = 0.084) ( fig. 2 ). Comparing the surgically resected patients of the C-CRT/S group with all other patients, a benefit was detectable for both OS and LRC, respectively, but this did not reach statistical significance (2-year OS 63.2 vs. 37.5%, p = 0.18; 2-year LRC 73.6 vs. 52.0%, p = 0.27). In the CRT group, patients with T4 tumors or M1a stage showed pronouncedly poor LRC and OS rates (2- year OS T1-3 vs. T4 43.6 vs. 13.3%; p = 0.003). Accordingly, when excluding those patients, 43.9 and 27.4% 2-and 5-year OS rates were reached in the T1-3 N0-1 M0 subgroup, respectively. With regard to RT doses, all patients who received 6 60 Gy had better OS and LRC rates than those with ! 60 Gy, without reaching statistical significance (p = 0.32 vs. 0.31, respectively). A significant improvement in LRC rates by higher RT doses was only detectable in the T1-3 N0-1 M0 subgroup (2-year LRC 77.8 vs. 42.3%; p = 0.036). However, again, this was not translated into improved OS (2-year OS 49.0 vs. 32.7%; p = 0.41) ( fig. 3 ) .
Treatment Outcome and Prognostic Factors
One hundred and twenty-four of 129 patients (92%) were assessable for treatment response. The overall response rate (complete response plus partial response) was 77%, with almost equal portions of patients achieving complete and partial response, respectively. At the time of the present analysis, 93 patients of the entire collective had died (64% of the CRT group and 84% of the C-CRT/S group). Information on tumor control shortly before death was available in 90 patients. The majority (81%) had died of locoregional or distant tumor progression with a significantly higher incidence of both locoregional and distant relapses in the C-CRT/S group compared to the CRT group (locoregional relapse 59 vs. 23%, p ! 0.001; distant progression 45 vs. 23%, p = 0.017).
To derive conclusions specific to either CRT or C-CRT/S, the impact of tumor-and treatment-related factors was evaluated separately for both treatment groups. In CRT patients, the univariate analysis showed the following covariates to be significantly prognostic of OS: tumor grading, T category (T1-3 vs. T4), nodal status, adherence to chemotherapy, and tumor response. Statistical significance was maintained multivariately except for the nodal status ( table 4 ). In the C-CRT/S group, the tumor response was the only statistically significant factor, with surgery reaching just borderline significance (p = 0.09). Regarding the influence of different RT doses ( ! 60 vs. 6 60 and ! 50 vs. 6 50 Gy in the CRT and C-CRT/S group, respectively), unequivocal effects were not detectable.
Discussion
With a 2-and 5-year OS of 42 and 24%, respectively, the survival outcome of this unselected population is in line with results yielded by large randomized trials on definitive CRT or trimodality treatment [1, 2, 7, 8] . In view of the high proportion of advanced disease (87% T3/4 tumors) and positive lymph nodes (79%), this result is remarkable. In fact, the baseline characteristics of our patients were poorer than reported by other institutional series [10] [11] [12] 14] . With respect to our CRT group, the OS and LRC rates are better than those achieved in the ran- domized and non-randomized part of the RTOG 8501 study [2] . This difference is further extended if one confines the analysis to the RTOG 8501 analog T1-3 N0-1 M0 patient subgroup which reached a durable 2-year LRC rate of 68% corresponding to a 2-and 5-year OS of 44 and 27%, respectively. Thus, the present review reports a successful translation of phase III evidence into daily clinical practice.
The high rate of adherence to protocol may have influenced the positive outcome of definitive CRT. In fact, full completion of therapy is an important endpoint for patients with esophageal cancer who often interrupt treatment due to toxicity and a worsening performance status. Accordingly, in the RTOG 8501 trial, 7% of patients did not receive full RT doses, and only 54% of patients completed all four cycles of chemotherapy [1] . In contrast, we here report complete adherence to RT, with 73% of patients having tolerated more than two thirds of chemotherapy.
Regarding the impact of escalated RT doses, we found an unequivocal effect only on LRC in the T1-3 N0-1 M0 subgroup (CRT collective). Apart from statistical reasons due to the small sample size, this result most probably stems from the poor outcome of patients with T4 tumors irrespective of RT doses and treatment schedule. In fact, a dose-response relationship 1 50 Gy has not been confirmed prospectively in esophageal cancer [6] , and even retrospective studies are sparse. Institutional series reporting on a dose-response relationship predominantly concern the dose range of 30.0-50.0 Gy [15] . Information on doses 1 50.0 Gy is mostly derived from series on radiotherapy alone or on heterogeneously designed CRT [14] [15] [16] [17] [18] . Recently, RT doses 1 54.0 Gy have been multivariately identified to impact OS in an unselected study population subjected to definitive CRT mainly based on mitomycin C [14] . However, in the absence of more detailed data on LRC and DC as well as on treatment-related toxicity, the issue of RT dose escalation 1 50 Gy needs further investigation. To conclude, although affected by all the methodological drawbacks of a retrospective institutional study, our analysis firstly confirms improved LRC rates by escalated RT doses 1 50.0 Gy in the context of definitive CRT strictly analogized to the RTOG 8501 trial. As to trimodality treatment, randomized data have shown the positive impact of surgery on LRC in esophageal cancer without translation into improved OS [7, 8] . In the present analysis, these results have been confirmed by the comparison of patients treated surgically in the C-CRT/S group and those treated in analogy to the RTOG 8501 concept. Within our C-CRT/S cohort, surgery significantly improved the LRC rates; however, this could not compensate for the pronouncedly poor results of C-CRT/S patients who were not operated and stopped treatment after insufficient RT doses (median 40.0 Gy). In contrast, inferior LRC and DC rates within the C-CRT/S group did not lead to inferior OS rates when compared to patients subjected to CRT; one possible explanation would be the higher amount of non-tumor-related deaths in the CRT group. However, beyond doubt, a selection bias resulting from the non-randomized allocation of patients to the two individually adapted treatment concepts limits final statements.
CRT performed in accordance to RTOG 8501 (RT dose range 59.4-66.6 Gy) has been compared to CRT plus surgery (RT dose range 41.4-50.4 Gy) in one other single analysis [12] . Further available reports are characterized by differing radiotherapy schedules [10, 16] or variable chemotherapy regimens with lower cumulative cisplatin doses or even without cisplatin [11, 14, 16] . In conclusion, the successful translation of LRC benefits into improved OS is a challenge regardless of whether LRC is achieved by surgery or high-dose CRT. In this regard, the optimal management of treatment-related toxicities and individual comorbid factors is of high importance.
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